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field trial of young turkey flocks.

SUMMARY

Mucosal competitive exclusion (MCE) cultures generated from the mucosal scrapings of healthy
adult turkeys were administered to commercial turkey poults. MCE-treated poults were placed
on tom and hen farms with paired untreated control poults in adjacent houses. After 6 wk in the
brood house, cecal droppings from control and treated flocks were collected and analyzed for the
presence of salmonellae. Salmonellae were detected in 14 of 30 cecal droppings (47 %) from control
flocks and from only 1 of 30 (3.3%) droppings from the treated poults. This study demonstrated
that mucosal competitive exclusion could be used to effectively control salmonellae in a commercial
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DESCRIPTION OF PROBLEM

In 1973, a possible means for reducing the
incidence of salmonellae in poultry flocks by
using undefined mixtures of gut microorganisms
was first described [1, 2]. The newly hatched
chick has an undeveloped gut microflora and as
such is susceptible to intestinal colonization by
salmonellae. By introducing intestinal bacteria
from adult birds, the young chick can be pro-
tected against salmonellae colonization. This
process has come to be known as competitive
exclusion. Most of the previous studies with
competitive exclusion have been primarily con-
cerned with the control of salmonellae in chick-
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ens [3,4,5, 6,7, 8]. However, some past studies
with competitive exclusion have also been per-
formed with turkeys [9, 10, 11, 12, 13, 14].
The objective of this study was to determine
the effectiveness of an undefined competitive
exclusion culture made from the microorgan-
isms present in the mucosa of adult turkeys to
prevent salmonellae contamination of male and
female young poults in a commercial setting.

MATERIALS AND METHODS

Mucosal competitive exclusion (MCE) cul-
tures were produced with cecal epithelial wall
scrapings of healthy adult turkeys that were inoc-
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ulated into tubes of pre-reduced brain heart infu-
sion (BHI) broth [15], which was then incubated
for 48 h at 37°C [16]. Initial cultures were sub-
cultured anaerobically three times by transfer-
ring 1 mL of incubated culture with a syringe
into a fresh tube of Hungate-sealed BHI broth.
Efficacy of MCE was determined by comparing
MCE-treated and control (untreated) poults. Sal-
monellae-free day-of-hatch poults (determined
by failure to recover the organism from enrich-
ment of the straw mats used in transport of day-
old poults) were treated by gavage with 0.2 mL
of a 48-h MCE subculture. These poults were
divided into groups of 10 poults each and placed
in isolation units (IU). Two days later, the treated
and control poults were challenged by gavage
with 10* or 10° cfu of a nalidixic acid resistant
strain of Salmonella typhimurium per poult with
one challenge level only per IU. The two chal-
lenge levels were chosen to demonstrate how
effective the cultures were at medium and high
levels of Salmonella challenge.

One week later, poults were killed by cervi-
cal dislocation, and their ceca were aseptically
removed to quantify the number of S. typhimu-
rium per gram of ceca and cecal contents. These
counts were used to generate a colonization fac-
tor (CF) as described by Bailey et al. [17]. The
mean log;, colony-forming units per gram of
cecal material was determined for all samples
within a treatment group for each challenge or-
ganism. This calculation was described by Piv-
nick et al. [4] for infection factor (IF), but be-
cause the colonization studied in this study was
commensal and not pathogenic the term coloni-
zation was favored over infection. Rate of colo-
nization was calculated by dividing the number
of birds colonized by the total number of birds
challenged with the organism. Protection factor
(PF) as described by Pivnick et al. [4] is the
ratio of the CF for an untreated group of chicks
to the CF for a treated group within the same
experiment. A larger PF provides more effective
treatment against colonization by the challenge
organism. This method is widely accepted for
calculating competitive exclusion culture ef-
ficacy.

The MCE culture that was most effective in
the IU trials was used to generate the larger
volumes necessary for the commercial field trial.
These data were not included, but the culture
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chosen was 100% effective in preventing Salmo-
nella colonization in the poults challenged at
both levels in the IU trials. Large volumes of
MCE for this commercial field trial were pro-
duced by inoculating 1-L bottles of prewarmed,
pre-reduced anaerobic BHI broth with 1 mL of a
48-h subculture of MCE. Bottles were equipped
with Hungate caps connected to gas-release wa-
ter traps and then incubated in a hatchery incuba-
tor cabinet at approximately 37°C for 36 to 48
h before use.

The MCE cultures were applied in two
stages. The first treatment consisted of spraying
undiluted MCE culture on newly hatched poults
using a portable pressure garden sprayer when
the poults were 50 to 75% hatched, which re-
sulted in each poult and unhatched egg receiving
approximately 0.2 to 0.3 mL of MCE. Treated
and control eggs were maintained in separate
hatching cabinets. The secondary phase of treat-
ment applied in the broiler houses provided a
1:10 dilution of MCE in 3.8-L plastic drinker
jars as the poult’s first drinking water. Drinkers
were left in place until all of the MCE culture
had been consumed (approximately 4 h). The
drinker to poult ratio was 1:200. On average,
each poult consumed 10 mL of the diluted MCE.

After 6 wk of brooding, 15 fresh cecal drop-
pings were obtained from the control and from
each treated house. After receipt in the labora-
tory, samples were mixed with buffered peptone
[18] and incubated for 24 h at 37°C. Next, the
procedure involved enrichment in TT broth [19],
isolation on brilliant green sulfa agar and modi-
fied lysine iron agar [20], presumptive classifi-
cation on lysine iron agar slants, and serological
confirmation with Poly-O and Poly-H antisera
[21]. All confirmed isolates were serotyped by
the USDA Veterinary Diagnostics Laboratory
[22].

RESULTS AND DISCUSSION

The MCE culture was shown to be very ef-
fective in controlling salmonellae colonization
of young commercial turkeys during the brood
period (Table 1). At 6 wk of age, 14 out of 30
(47%) of untreated poults were shedding salmo-
nellae in the fecal material compared with 1 of
30 (3%) MCE-treated poults. The treatment was
effective for male and female poults. For the
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TABLE 1. Efficacy of an undefined mucosal competitive exclusion treatment to control salmonellae in turkeys

during brooding

TREATMENT
AGE (wk) SEX Control MCEA

6 Male 6/15 (40.0%) 0/15 (0.0%)
6 Female 8/15 (53.3%) 1/15 (6.7%)
Total 14/30 (46.7%) 1/30 (3.3%)

AMCE = mucosal competitive exclusion.

males 6/15 (40%) of the untreated poults were
infected with salmonellae, and none of the MSC-
treated poults were infected [0/15 (0%)]. For the
females, 8/15 (53.3%) of the untreated poults
were infected with salmonellae and only 1/15
(6.7%) of the MSC-treated poults were infected.
Previous European studies that tested undefined
competitive exclusion cultures made from
chicken were not very effective in protecting
poults from salmonellae [23, 24]. One of the
studies [24] reported greater than 40% salmonel-
lae infection of the treated poults. The current
study suggested that when an undefined culture
was made from turkeys to subsequently treat
turkeys, the efficacy was far greater than when
a chicken culture was used to treat turkeys.
Competitive exclusion treatment with tur-
keys has been shown to be ineffective against

Salmonella that are introduced in the hatchery
[25, 26, 27, 28]. However, in this study, the
three Salmonella serovars (S. arizona, S. heidel-
berg, and S. kentucky) isolated from hatchery
samples (data not shown) were not found in
any of the 6-wk samples from treated males or
females. One explanation may be that compara-
tively low levels of hatchery contamination may
be controlled by MCE. The same serovars were
isolated from control and treated females (S.
agona, S. albany, S. muenchen, S. muenster, and
S. typhimurium). For the males, S. hadar, S.
senftenberg, and S. typhimurium were isolated
from the controls and S. reading, S. senftenberg,
and S. fyphimurium were isolated from the one
positive sample in the treated group. In this
study, the MCE culture was effective in a com-
mercial setting even though there were Salmo-
nella present in the hatchery.

CONCLUSIONS AND APPLICATIONS

1. This study demonstrated that an undefined mucosal competitive exclusion culture could effec-
tively control salmonellae in male and female poults in a commercial setting.

2. Research directed at reducing the intestinal carriage of salmonellae in turkeys should reduce
human exposure associated with the consumption of turkey and turkey products.

3. Competitive exclusion cultures made from turkeys were shown to be more effective in reducing
salmonella than had previously been reported for competitive exclusion cultures made from

chickens.

REFERENCES AND NOTES

1. Nurmi, E., and M. Rantala, 1973. New aspects of Salmo-
nella infection in broiler production. Nature 241:210-211.

2. Rantala, M., and E. Nurmi, 1973. Prevention of the growth
of Salmonella infantis in chicks by the flora of the alimentary track
of chickens. Br. Poult. Sci. 14:627-630.

3. Goren, E.W., A. de Jong, P. Doorenbal, N.N. Bolder,
R.W.A.W. Mulder, and A. Jensen, 1988. Reduction of Salmonella
infection of broilers by spray aplication of intestinal microflora: A
longitudinal study. Vet. Q. 10:249-255.

4. Pivnick, H., D. Barnum, S. Stavric, T. Gleeson, and B.
Blanchfield, 1985. Investigations on the use of competitive exclusion
to control Salmonella in poultry. Pages 80-87 in: Proceedings of
the International Symposium on Salmonella. G.H. Snoeyenbos, ed.
American Association of Avian Pathololgy, University of Pennsylva-
nia, Philadelphia, PA.

5. Stavric, S., T.M. Gleeson, B. Blanchard, and H. Pivnick,
1985. Competitive exclusion of Salmonella from newly hatched
chicks by mixtures of pure bacterial cultures isolated from fecal and
cecal contents of adult birds. J. Food Prot. 48:778-782.



322

6. Mead, G.C., and C.S. Impey, 1986. Current progress in
reducing Salmonella colonization of poultry by “competitive exclu-
sion”. J. Appl. Bacteriol. Symp. Suppl. 47:675-755.

7. Stavric, S., 1987. Microbial colonization control of chicken
intestine using defined cultures. Food Technol. 41(7):93-98.

8. Blankenship, L.C., J.S. Bailey, N.A. Cox, N.J. Stern, R.
Brewer, and O. Williams, 1993. Two-step mucosal competitive
exclusion flora treatment to diminish salmonellae in commercial
broiler chickens. Poult. Sci. 72:1667-1677.

9. Lloyd, A.B., R.B. Cumming, and R.D. Kent, 1977. Preven-
tion of Salmonella typhimurium infection in poultry by pretreatment
of chicks and poults with intestinal extracts. Aust. Vet. J. 53:82-87.

10. Reid, C.R., and D.A. Barnum, 1982. Evaluation of turkey
cecal microflora in protecting day-old poults from Salmonella typhi-
murium challenge. Avian Dis. 27:632—643.

11. Reid, C.R., and D.A. Barnum, 1984. The effects of treat-
ments of cecal contents on their protective properties against salmo-
nellae in poults. Avian Dis. 28:1-11.

12. Snoeyenbos,G.H., A.S. Soerjadi, and O.M. Weinack,
1982. Gastrointestinal colonization by salmonellae and pathogenic
Escherichia coli in monoxenic and holoxenic chicks and poults.
Avian Dis. 26:566-575.

13. Saura, E., K.V. Nagaraja, and B.S. Pomeroy, 1984. Genta-
micin and bacterial culture (Nurmi culture) treatments either alone
or in combination against experimental Salmonella hadar infection
in turkey poults. Avian Dis. 29:617-629.

14. Schneitz, C., and L. Nuotio, 1992. Efficacy of different
microbial preparations for controlling Salmonella colonization in
chicks and turkey poults by competitive exclusion. Br. Poult. Sci.
33:207-211.

15. Remel, 12076 Santa Fe Dr., Lenexa, KS 66215-3594.

16. Stern, N.J., 1990. Influence of competitive exclusion on
chicken cecal colonization by Campylobacter jejuni. Poult. Sci.
69(Suppl.1):130. (Abstr.).

17. Bailey, J.S., L.C. Blankenship, N.J. Stern, N.A. Cox, and
F. McHan, 1988. Effect of anticoccidial and antimicrobial feed
additives on prevention of Salmonella colonization of chicks treated
with anaerobic cultures of chicken feces. Avian Dis. 32:324-329.

18. Juven, B.J., N.A. Cox, J.S. Bailey, J.E. Thomson, O.W.
Charles, and J.V. Shutze, 1984. Recovery of Salmonella from arti-

JAPR: Research Report

ficially contaminated poultry feeds in non-selective and selective
broth media. J. Food Prot. 47:299-302.

19. Hajna, A.A., and S.R. Damon, 1956. New enrichment and
plating media for the isolation of Salmonella and Shigella organisms.
Appl. Microbiol. 4:341-345.

20. Bailey, J.S., J.Y. Chin, N.A. Cox, and R.W. Johnston,
1988b. Improved selective procedure for detection of salmonellae
from poultry and sausage products. J. Food Prot. 51:391-396.

21. Cox, N.A., J.E. Thomson, and J.S. Bailey, 1983. Recom-
mended procedure for the isolation of Salmonella from poultry car-
casses. USDA Agriculture Handbook No. 603. USDA, Washing-
ton, DC.

22. USDA, Veterinary Diagnostic Laboratory, Ames, IA 50010.

23. Impey, C.S., G.C. Mead, and S.M. George, 1984. Evalua-
tion of treatment with defined and undefined mixtures of gut microor-
ganisms for preventing Salmonella colonization in chicks and turkey
poults. Food Microbiol. 1:143-147.

24. Schneitz, C., and L. Nuotio, 1992. Efficacy of different
microbial preparations for controlling Salmonella colonisation in
chicks and turkey poults by competitive exclusion Br. Poult. Sci.
33:207-211.

25. Snoeyenbos, G.H., O.M. Weinack, and C.F. Smyser, 1978.
Protecting chicks and poults from salmonellae by oral administration
of “normal” gut microflora. Avian Dis. 22:273-287.

26. Barnum, D.A., W. Anderson, C. Reid, E. Davis, and W.R.
Mitchell, 1981. The application of competitive exclusion in the
prevention of Salmonella colonization in turkeys. Pages 88-93 in:
Proc. World Assoc. Vet. Food Hygienists, Dublin, Ireland.

27. Reid, C.R., and D.A. Barnum, 1983. Evaluation of turkey
cecal microflora in protecting day-old poults from Salmonella typhi-
murium challenge. Avian Dis. 27:632-643.

28. Anderson, W.R., W.R. Mitchell, D.A. Barnum, and R.]J.
Julian, 1984. Practical aspects of competitive exclusion for the con-
trol of Salmonella in turkeys. Avian Dis. 28:1071-1078.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the technical assistance of
Deborah Posey.



